and, in severe cases, tooth exfoliation (Haffajee and Socransky, 1994) .
Most types of periodontitis can be successfully treated by removing the supra-and subgingival biofilm by scaling and root planing combined with adequate periodontal support therapy (Ramfjord, et al., 1975) . However, certain sites continue to show periodontal tissue deterioration despite conventional periodontal therapy. In addition, periodontopathogens may occasionally invade periodontal tissues and dental canaliculi from where they cannot be completely removed (Mascarenhas et al., 2005) .
The use of systemic antibiotics as adjuvant treatment has been shown to be clinically more efficient than periodontal treatment associated with placebo, especially with regard to probing depth and periodontal attachment in both aggressive and chronic forms of periodontitis (Haffajee et al., 2003; Herrera et al., 2002) . However, since organisms in biofilms are by far less susceptible to antimicrobials than bacteria in planktonic populations (Wilson, 1996) , initial mechanical disruption of the biofilm may be required to improve the efficacy of the antibiotic therapy (Costerton et al., 1995; Müller et al., 2002) .
Since most periodontopathogens are Gram-negative, a number of antibiotics specifically targeting Gram-negative bacteria have been used in periodontitis. Among the most well-known drugs are the tetracyclines and a combination of amoxicillin and metronidazole. However, despite their clinical benefits, adjuvant therapy with these drugs requires 7-14 days to be completed, at 3-4 doses per day, increasing the likelihood of noncompliance. In addition, their use has been associated with a range of side effects and with bacterial resistance (Greenberg, 1984; Yashima et al., 2009) .
Azithromycin (AZM), on the other hand, is a semi-synthetic macrolide capable of inhibiting protein synthesis in the bacterial ribosome. Like erythromycin, AZM targets aerobic and anaerobic Gram-negative and Gram-positive bacteria, but is even more potent against certain Gram-negative bacteria (Retsema et al., 1987) . AZM becomes highly concentrated in fibroblast and phagocytes (McDonald and Pruul, 1991) . The drug is then transported along with the phagocytes which are stimulated to migrate to the site of infection due to their chemotactic activity (Schentag and Ballow, 1991) .
Because the half-life of AZM is relatively long, the drug may be administered only once a day (500 mg) for 3-5 consecutive days. In addition, the adverse effects are limited (Oteo et al., 2010 ) and the drug is readily absorbed when taken orally. In view of these advantages, AZM is an attractive treatment option for patients with infections in which aerobic and anaerobic Gram-negative bacteria are prevalent (Retsema et al., 1987) .
The purpose of the present study was to analyze the efficacy of AZM when used as adjuvant to non-surgical therapy for periodontitis, based on a review of the literature.
Methodology
To search for appropriate papers for this systematic review, three internet sources were used: MEDLINE-PubMed, LILACS and SciELO. It was combined the keywords ''azithromycin'', ''periodontal treatment'' and ''periodontitis'' in both Portuguese and English languages.
At first, titles and abstracts resulting from the search as described above were screened. Subsequently, full-text papers were screened and selected as the following criteria:
Randomized Controlled Clinical Trials. Double-blind or blind Trials. In human patients. Intervention: use of azithromycin as an adjuvant to nonsurgical scaling and root planing. Only studies written in Portuguese, English and Spanish languages were accepted. Case reports, letters and historical reviews were excluded from the search. Studies without abstracts but whose titles suggested that they could be related to the objective of this review were also selected, so the full text could be screened for eligibility.
To minimize the potential for review bias, screening was performed independently by two reviewers (F.W.M.G.M. and C.C.O.). Discrepancies with regard to the inclusion or exclusion of studies were resolved by extensively discussion between the reviewers who selected the studies. When any doubt was still remaining, another collaborator (R.S.M.) was involved in such process.
70 articles were found, of which 12 were selected.
Results
Most researchers have focused on the use of AZM in the treatment of chronic periodontitis (Gomi et al., 2007; Haffajee et al., 2007 Haffajee et al., , 2008 Mascarenhas et al., 2005; Morozumi et al., 2010; Oteo et al., 2010; Plaza et al., 2003; Pradeep et al., 2008; Sampaio et al., 2011; Smith et al., 2002; Yashima et al., 2009) . To the best of our knowledge, only one clinical trial has used AZM in the treatment of aggressive periodontitis (Haas et al., 2008) . The main results of these studies are shown in Table 1 .
Most studies evaluating clinical parameters after AZM administration adjuvant to non-surgical periodontal therapy have reported significantly reduced gingival bleeding and biofilm regardless of AZM administration, (Haas et al., 2008; Oteo et al., 2010; Pradeep et al., 2008; Sampaio et al., 2011; Smith et al., 2002) but in some studies, probing depth and periodontal attachment were found to improve significantly when AZM was used (Mascarenhas et al., 2005; Oteo et al., 2010; Smith et al., 2002; Yashima et al., 2009; ) . In one of this studies, 44 patients with chronic periodontitis were assigned to one of two groups: treatment with AZM or control (Smith et al., 2002) . Throughout the study period (22 weeks), probing depth was significantly smaller and periodontal attachment was significantly greater in the treatment group. Similar results were reported in another study in which patients with chronic periodontitis were submitted to adjuvant treatment with AZM and followed over 12 months (Haffajee et al., 2007) .
In the study above, (Smith et al., 2002) at baseline pockets measured 6.72 mm on the average. After 22 weeks, the average probing depth had decreased to 3.67 mm in the AZM treatment group versus 4.54 mm in the control groupa statistically significant difference. This is supported by another clinical study (Mascarenhas et al., 2005) in which drug therapy led to a 3.52 mm reduction in probing depth, compared to only 1.98 mm in the control group.
AZM was administered for 3 consecutive days (500 mg/day) in a study involving 24 patients diagnosed with aggressive periodontitis (Haas et al., 2008) . Although improvement was similar in the treatment group (AZM) and the control group (placebo) after three months, at 6 and 12 months periodontal attachment continued to improve in patients receiving AZM but stabilized in patients receiving placebo. Patients in the treatment group displayed a greater percentage of teeth with more than 1 or 2 mm reduction in probing depth when compared to the control group. However, improvement was similar in the two groups with regard to bleeding on probing. Only one of the studies reviewed found no additional clinical benefits of AZM as adjuvant to conventional periodontal therapy. The study evaluated the clinical and microbiological parameters of 40 patients with chronic periodontitis (Sampaio et al., 2011) . Compared to baseline values, improvement was similar for the treatment group and the control group with regard to clinical parameters. Thus, the results of the study suggest adjuvant AZM therapy has no additional clinical benefit in chronic periodontitis, compared to conventional mechanical periodontal treatment.
Only one clinical trial used AZM in a topical administration (0.5%) (Pradeep et al., 2008) . It was noticed a reduction in probing depth and improved periodontal attachment compared to controls. The authors hypothesized that the application of AZM at the site of inflammation facilitated the penetration of the drug into the periodontal tissues, resulting in a high drug concentration in the periodontal pockets and enhancing the bactericidal effect. The double effect of the drug on the local microflora and on the invading pathogens may result in clinical improvement without systemic side effects or the development of bacterial resistance.
In a microbiological investigation of patients with chronic periodontitis submitted to chemical-mechanical treatment with AZM, (Haffajee et al., 2008) considerable reductions in red-complex bacteria and some species of orange-complex bacteria were observed after two weeks of therapy.
However, another study (Sampaio et al., 2011) found that red and orange complex bacteria were reduced at 6 and 12 month in both control and test groups, showing no additional clinical benefit in chronic periodontitis, compared to conventional mechanical periodontal treatment.
Two clinical studies found the clinical procedures of scaling and root planing to be associated with high levels of bacteremia (Gomi et al., 2007; Morozumi et al., 2010) . However, when prophylaxis with AZM was started three days prior to mechanical periodontal therapy, bacteremia occurred significantly less frequently, compared to the control group.
AZM is generally well tolerated, but side effects may occur. In one study, a patient presented an allergic reaction while another reported having problems swallowing the pills, though completing the treatment protocol (Haffajee et al., 2007) . Only one patient reported gastrointestinal effects from the use of AZM (Plaza et al., 2003) .
Discussion
Studies evaluating AZM as adjuvant to non-surgical treatment for periodontitis have used different methodologies. The fact that only one study used the drug as adjuvant in patients with aggressive periodontitis (Haas et al., 2008 ) is evidence of a lack of information in the literature regarding this type of treatment.
Because AZM has a long half-life, most studies have employed a protocol of 500 mg/day for three days (Gomi et al., 2007; Haas et al., 2008; Haffajee et al., 2007 Haffajee et al., , 2008 Morozumi et al., 2010; Oteo et al., 2010; Plaza et al., 2003; Smith et al., 2002; Yashima et al., 2009 ). Exceptions to this rule is a study administering a single dose of 500 mg for five days (Sampaio et al., 2011) , a study in which patients received 500 mg on the first day and 250 mg/day on the following four days (Mascarenhas et al., 2005) , and a clinical trial that used a single irrigation with 0.5% gel of AZM (Pradeep et al., 2008) .
The similar findings of plaque index and marginal bleeding for patients receiving AZM and placebo may be explained by the use of mechanical control of the supragingival biofilma procedure essential to biofilm reduction and, consequently, to the control of gingival inflammation. Since all the patients in the reviewed studies also received instructions in oral hygiene, the observed lower indices are not surprising, even in patients receiving no antibiotics.
Overall, compared to patients with shallow and moderately deep periodontal pockets, in patients with deep pockets at baseline, improvement tends to be greater when antibiotics are administered (Haffajee et al., 2007; Mascarenhas et al., 2005; Oteo et al., 2010; Smith et al., 2002) . This is an expected finding since mechanical therapy is less efficient in deep pockets, making drug therapy particularly beneficial. However, despite the observed improvement, these deep pockets continue to have the greatest probing depth in the mouth throughout the period of periodontal maintenance.
Previously, it was proved that AZM can act against some periodontopathogens, having a moderate susceptibility of Actinobacillus actinomycetemcomitans strains (Müller et al., 2002) . To inhibit 90% of A. actinomycetemcomitans strains were necessary a concentration of 3 mg/mL of azithromycin, while doxycycline needed a 1 mg/mL and metronidazole a4256 mg/mL concentration, showing a good susceptibility to doxycycline and a resistance to metronidazole to that strains.
Based on this fact, the microbiological aspects of the teeth are also dramatically affected by periodontal therapy: the removal of the biofilm significantly reduces the total number of periodontopathogens, especially when AZM is administered (Haffajee et al., 2008; Oteo et al., 2010; Pradeep et al., 2008) . Or, more precisely, red and orange-complex bacteria are reduced, and bacteria associated with periodontal health are increased (Haffajee et al., 2008) . Concurrently, clinical parameters improve, possibly because of the significant reduction in the number of periodontopathogens, especially in the first two weeks following scaling and root planing (Haffajee et al., 2008; Oteo et al., 2010) . This helps sustain improvements in clinical parameters even beyond 12 months of follow-up.
Nowadays, appearance of bacterial strains resistant to antibiotics is in evidence since this can cause complication in patient treatment. One study analysed the percentage of resistant species to AZM after periodontal treatment (Haffajee et al., 2008) . It was noticed that antibiotic resistance increase significantly two weeks after AZM administration, and this remain until six months, but after 12 months the percentage of resistant species were reduced to levels approached those detected before periodontal therapy.
In addition, it is suggested that AZM produces anti-inflamatory effects in gingiva, decreasing levels of IL-1b, IL-8 and TNF-a recovered from pooled gingival crevicular fluid (GCF) samples (Ho et al., 2010) . Furthermore, it is related a significant decrease GCF volume after 2, 4, and 7 days first dose AZM administration (Ho et al., 2010) . The relationship noticed between these two facts, decrease in GCF flow rate and GCF pro-inflammatory cytokine, suggests that AZM's effects on GCF volume could be mediated by inhibiting the production of one or more of these biological mediators. Although it was proved a possible AZM antiinflammatory effect, this study has some limitations, such as a small number of volunteers.
In addition to being effective as adjuvant therapy in periodontitis, as shown in several studies, AZM has advantages over other antibiotics used in this patient population: (i) the simplicity of the treatment protocol, requiring a single daily dose of 500 mg for 3-5 consecutive days, improves adherence, (ii) high drug concentrations can be maintained in affected tissues as AZM is transported by phagocytes, (Smith et al., 2002) (iii) the incidence of side effects is low, (Oteo et al., 2010 ) (iv) the rapid reduction in the bacterial load of infected sites favors healing, (Mascarenhas et al., 2005) and (v) bacteremia is reduced when the drug is used preventively, (Gomi et al., 2007; Morozumi et al., 2010) making AZM a safe treatment option when antibiotic prophylaxis is desired.
Under these circumstances, periodontal treatment combined with AZM administration can reach much better clinical outcomes than conventional periodontal treatment alone.
Conclusion
Based on our literature review, the use of azithromycin as adjuvant to conventional treatment for chronic and aggressive periodontitis generally improves clinical and microbiological findings compared to conventional treatment alone. AZM has several advantages over other antibiotics, especially with regard to treatment protocol and adherence. Nevertheless, AZM therapy should be prescribed and managed with clearly defined criteria to prevent the emergence of bacterial resistance, though the risk is known to be relatively small.
